Venezuelan equine encephalitis (VEE) virus is a mosquito-borne pathogen that has caused encephalitis in equine species and humans during sporadic outbreaks in the western hemisphere. The last, and most widespread, VEE outbreak occurred in South America, Central America, Mexico and the U.S.A. (Texas) during 1969 to 1972. We have cloned and sequenced the genome of a virulent VEE subtype I-AB virus, strain 71-180, isolated in Texas in 1971. Thirty-four nucleotide differences were detected between the genome of 71-180 virus and that of the subtype I-AB Trinidad donkey (TRD) virus isolated during the 1943 VEE epizootic in Trinidad. Fifteen nucleotide changes occurred in the non-structural genes, 16 in the structural genes and three in the 3' non-coding region.
Only six of the nucleotide differences resulted in amino acid substitutions: one change in each of non-structural proteins nsP1 and nsP3, two in the E2 envelope glycoprotein, one in the 6K polypeptide and one in the E 1 envelope glycoprotein. The close genetic relationship between 71-180 virus and TRD virus, commonly used for production of formalin-inactivated VEE vaccines, suggests that incompletely inactivated virulent vaccine virus may have been the source of this and other VEE outbreaks. Use of formalized virulent virus was discontinued during the 1969 to 1972 panzootic. No VEE epizootics have been reported since the introduction of the live attenuated TC-83 vaccine virus.
Venezuelan equine encephalitis (VEE) virus is an alphavirus (Togaviridae) containing a positive-sense ssRNA genome of about 11-5 kb (Kinney et al., 1989) . The genome is enclosed within an icosahedral nucleocapsid surrounded by a lipid bilayer containing two integral glycoproteins, E1 and E2. The 5' two-thirds of the genome encode the non-structural polypeptides nsP1, nsP2, nsP3 and nsP4. Alphavirus structural proteins are processed from a polyprotein precursor (NH2-capsid-E3-E2-6K-E 1-COOH) translated from an intracellular, subgenomic 26S mRNA that is identical to the 3' onethird of the genomic mRNA (Strauss & Strauss, 1986) .
The VEE virus complex is classified into six antigenic subtypes with subtypes I and III subdivided into five (AB, C, D, E and F) and three (A, B and C) antigenic variants respectively (Young & Johnson, 1969; Kinney et al., 1983; Calisheretal., 1982 Calisheretal., , 1985 . Young & Johnson (1969) established that viruses of the VEE antigenic complex exist in two distinct ecological cycles, epizootic and enzootic or endemic. All equinevirulent VEE viruses involved in epizootic outbreaks have been VEE subtype I-AB or I-C. Epizootic viruses have been isolated from equine species, humans and a wide variety of mosquito species only during or shortly 0001-1121 0001- © 1992 after epizootic activity during the rainy season in arid regions. They cause severe or fatal illness in horses infected experimentally (Johnson & Martin, 1974; Sudia & Newhouse, 1975) . On the other hand, enzootic viruses of the VEE complex are commonly isolated during interepizootic periods in discrete foci consisting of freshwater swamp or wet forest habitats where equine species are rarely found. These viruses are avirulent for equine species and are maintained in a well defined transmission cycle involving wild rodents and Culex (subgenus Melanoconion) species mosquitoes (Young & Johnson, 1969; Johnson & Martin, 1974; Sudia & Newhouse, 1975; .
Prior to 1969, VEE epizootics were limited primarily to Venezuela and Colombia, and to a lesser extent Peru, Ecuador and Trinidad (Groot, 1972) . In the spring of 1969 an outbreak of VEE I-AB virus occurred in Ecuador, from where the epizootic spread through Central America into Mexico. In July 1971, epizootic VEE I-AB virus was isolated for the first time in the U.S.A., in Texas (Sudia & Newhouse, 1971 ; Zehmer et al., 1974) , The source of the 1969 to 1972 epizootic VEE virus has not been identified. Since the enzootic VEE subtype I-E virus present in Mexico and Central Short communication America is distinct from epizootic I-AB virus, Young (1972) speculated that the epizootic virus originated from formalin-inactivated I-AB vaccine virus. Such vaccines were used in Central America in 1969; however, residual infectious virus in the vaccines was not documented (Young, 1972) .
We have cloned and sequenced the entire genome of VEE virus strain 600035-71-180/4, designated here 71-180 virus, which was isolated from the brain of an infected horse during the 1971 VEE epizootic in Texas. The 71-180 virus has been shown to be a VEE subtype I-AB virus by monoclonal antibody analysis, equine virulence, and 90% or greater genetic similarity with Trinidad donkey (TRD) virus, PTF-39 virus, which is a 1969 I-AB isolate from Guatemala (Franck & Johnson, 1971) , and three other I-AB isolates from Texas by RNA oligonucleotide fingerprinting (Monath et al., 1992) . Both TRD virus-and PTF-39 virus-specific rabbit anti-E2 subunit antisera reacted to identical titres with the homologous virus and 71-180 virus by plaque reduction neutralization testing (fourfold dilution series, 70% plaque reduction endpoint) (data not shown).
The 71-180 virus, which was sequenced after one passage in suckling mouse, one in horse, one in Vero cells, one in C6/36 cells, and two in BHK21 cells, was provided by T. E. Walton, Arthropod-Borne Animal Diseases Research Laboratory, U.S. Department of Agriculture, Laramie, Wyo., U.S.A. Genomic RNA was extracted from gradient-purified virus and used as template for synthesis of double-stranded cDNA as described previously (Kinney et al., , 1989 . Virusspecific cDNA was cloned into plasmid pUC18, subcloned into the filamentous bacteriophage M13mpl 8 or M13mpl9, and sequenced using the dideoxynucleotide chain termination method (Sanger et al., 1977 (Sanger et al., , 1980 . Sequence compressions were resolved by substitution of dlTP for dGTP in sequencing reactions (Sequenase sequencing kit; United States Biochemical Corporation). The sequence of the 3' end of the genome was obtained from a cDNA clone obtained by priming genomic RNA with oligo(dT)2s. The 5' terminus, including the 5'-terminal A residue, of the genome was determined from a 5'-terminal 1620 base cDNA clone constructed by synthesizing first-strand cDNA, dCtailing the RNA : cDNA hybrid and annealing the tailed hybrid to dG-tailed, PstI-cut replicative form DNA of bacteriophage M13mpl9. The nucleotide sequence of the genome of VEE 71-180 virus was compared to that of VEE I-AB virus, strain TRD, which was sequenced after one passage in guinea-pig, six in Vero cells and one in BHK21 cells (Kinney et al., 1989) . All 71-180 virus nucleotides that differed from the reference TRD virus strain were confirmed in an independent cDNA clone or by direct dideoxynucleotide sequencing of the 71-180 virus genomic RNA template.
A summary of the nucleotide and amino acid differences between the genomes of VEE TRD and 71-180 viruses is shown in Table 1 . Thirty-four nucleotide differences were detected: 15 in the non-structural protein genes, 16 in the structural protein genes, and three in the 3' non-coding region of the genome. Six nucleotide substitutions resulted in amino acid changes: nsP1, Arg 222 (TRD) to Cys (71-180); nsP3, Ser 260 to Thr; E2 Thr 205 to Lys, E2, Lys 213 to Arg; 6K, Ala 52 to Val; El, Met 433 to Val (transmembrane domain). All nucleotide positions in the 71-180 viral genome following position 9988 are changed by three positions relative to the previously published sequences of the TRD and TC-83 viral genomes (Kinney et al., , 1989 . This is due to a sequence correction in a compressed GC-rich region at the 3' end of the 6K gene, which has been resolved. An extra codon (GGC) exists between positions 9988 and 9989, as reported previously. The genetic similarity between TRD virus, isolated in 1943 from the brain of an infected donkey during a VEE epizootic in Trinidad (Randall & Mills, 1944) , and the 1971 Texas 71-180 virus isolate is striking. The nucleotide sequences differed by 0.3%, and 71-180 virus contained fewer amino acid substitutions, relative to TRD virus, than TC-83 virus Kinney et al., 1989) . VEE TC-83 virus is the live attenuated vaccine virus derived from the virulent TRD parent strain by passage in tissue culture (Berge et al., 1961 ; McKinney, 1972) . The TC-83 vaccine was used on a limited scale in the field for the first time in 1967 in Colombia and was employed extensively during the widespread 1969 to 1972 epizootic (McKinney, 1972; Spertzel & Kahn, 1971 ; . Prior to the 1969 to 1972 epizootic, formalin-inactivated virulent VEE virus grown in embryonated chicken eggs was used extensively as a vaccine in Venezuela, Trinidad, Colom- 
U -* The sequence of the 3' terminus of the TRD virus 6K gene has been corrected to include an additional codon (see text). The genome positions below this point increase by three positions relative to the previously published TRD virus sequence (Kinney et al., 1989) . (Smith et al., 1956; Sutton & Brooke, 1954) , equine species (Gilyard, 1945; Spertzel & McKinney, 1972; Sabattini et al., 1985) and guinea pigs (Sotomayer, 1946) . This origin hypothesis is supported by identity or near identity of the structural proteins of TRD, TC-83 and PTF-39 viruses, as demonstrated by tryptic peptide mapping of purified capsid, E1 and E2 proteins Mecham & Trent, 1982) , and the close genetic relationship between TRD and PTF-39 viruses shown by RNA oligonucleotide fingerprinting .
We cannot eliminate the possibility that the I-AB epizootic virus evolved from enzootic VEE virus strains. However, epizootic strains of VEE virus differ antigenically, pathogenically, and genetically from their enzootic relatives (Young & Johnson, 1969; Johnson & Martin, 1974; France et al., 1979; Sudia & Newhouse, 1975; Trent et al., 1979) . Trent et al. (1979) demonstrated less than 50~ identity between the oligonucleotide fingerprint of the genomic RNA of TRD virus and the fingerprints of epizootic P676 virus (subtype-variant I-C) and enzootic VEE viruses 3880 (I-D), Mena II (I-E), Everglades Fe3-7c (II), Mucambo BeAn 8 (III-A) and Pixuna BeAr 35465 (IV). We have determined that the sequences of the genomes of P676, 3880, Mena II and Fe3-7c viruses differ from that of TRD virus by at least 142 nucleotides in the 26S region of the genome alone (data not shown). Young & Johnson (1969) demonstrated antigenic identity or near identity among the earliest VEE virus isolates, including the Beck-Wyckoff strain characterized by Kubes & Rios (1939) and Beck & Wyckoff (1938) , the Ica strain (from Peru, 1944) and the TRD strain (from Trinidad, 1943) . A close relationship between TRD virus and the 1936 VEE isolate, which was used extensively as a vaccine virus (Kubes & Rios, 1939) , implicates formalin-inactivated VEE virus vaccines as potential sources of earlier epizootics 6f VEE disease as well as the 1969 to 1972 outbreak.
No epizootic of equine-virulent VEE virus has arisen since the introduction of the attenuated TC-83 virus vaccine and the discontinuation of the use of formalized vaccine after the 1969 to 1972 panzootic. Isolation of epizootic, equine-virulent virus was last reported in January 1973 in Mexico from a pool of mosquitoes collected within a few kilometres of a location where horse cases had been confirmed the preceding November (Centers for Disease Control, 1973; Sudia & Newhouse, 1975) .
